Abstract: The effect of heat stress on soluble proteins extracted from leaf tissues of bread (Triticum aestivum cv. Gönen-98, tolerant; cv. Cumhuriyet-75, susceptible; genome ABD) and durum (Triticum durum cv. Ege-88, tolerant; cv. Ankara-98, susceptible; genome AB) wheat cultivars differing in sensitivity to high temperature was examined by two-dimensional gel electrophoresis. At acclimation (37 • C) and acclimation→high temperature (37
Introduction
Heat shock response is universal and many heat shock protein genes are highly conserved in all organisms (Liu et al. 2006) . In plants, a heat shock response is a ubiquitous phenomenon resulting in altered gene expression and protein translation. Heat shock proteins (HSPs) are generally designated by their approximate molecular weights in kDa as HSP110, HSP90, HSP70, HSP60, and low molecular weight HSPs (15-30 kDa) as small HSPs (sHSPs) (Vierling 1991; Waters et al. 1996; Sun et al. 2002) . Although plant synthesises a similar set of high molecular weight HSPs, most of the translation capacity is devoted to the synthesis of the sHSPs (Mansfield & Key 1987) . The wide diversification and abundance of sHSPs in plants may reflect the adaptation to temperature stress (Waters et al. 1996) . Previous studies have revealed that sHSPs act as "molecular chaperones" (Liu & Shono 1999; Leone et al. 2000; Giese & Vierling 2002) . HSPs/molecular chaperons are responsible for protein folding, assembly, translocation and degradation in many normal cellular processes, stabilization of proteins and membranes, and they can assist in protein refolding under stress conditions (Wang et al. 2004) . During the acquisition of thermotolerance, the transcription and translation of HSPs is a prominent event (Rizhsky et al. 2004; Busch et al. 2005) , and consequently the constitutive over-expression of these genes and proteins is well established to enhance thermotolerance (Queitsch et al. 2000; Hong et al. 2003) .
In the present study, we determined the effects of high temperature treatments on polypeptide profiles, by comparing four cultivars of bread and durum wheat differing in heat susceptibility. • C, 1 h). Afterwards, the first leaf tissues (500 mg) of seedlings of heat-tolerant and heat-susceptible cultivars of bread and durum wheat were sampled for electrophoresis.
Material and methods

Plant materials and growing conditions
Total protein extraction, protein determination and 2-D electrophoresis Total protein extraction was performed using the procedure of Damerval et al. (1986) . Protein concentrations of extracts were determined according to Ramagli & Rodriguez (1985) . The soluble proteins were separated using two-dimensional (2-D) gel electrophoresis according to the method of Naqvi et al. (1994) . The first dimension (IEF, Isoelectric Focusing) was performed using rod gels (1.5 mm inner diameter and 180 mm length) at 400 V (2 h) followed by 800 V (14 h). Isoelectric focusing gel solution (IEFGS) was 10 g urea, 3 mL of 30% acrylamide-bisacrylamide, 0.2 mL of ampholine (pH 5-8), 0.8 mL of ampholine (pH 3-10), 0.3 g of 3-[3-(cholamidopropyl) dimethylammonio]-1-propanesulfonate (CHAPS), 0.1 mL Nonidet P-40 and 7.4 mL dH2O (Hochstrasser et al. 1988) . IEFGS was then filtered and degassed. Protein amounts were adjusted to approximately 70 µg soluble protein equivalent to BSA depending on the experiment, and loaded onto the gels. The sample gels were 250 µL IEFGS, 50 µL sample protein containing 70 µg soluble protein, 1.5 µL of 2.5% ammonium persulfate (APS) and 0.5 µL of N,N,N',N'-tetrammethylethylenediamine (TEMED). To determine the pH gradient, blank gel without sample was prepared in the same manner. Cathodic solution was 0.02 M NaOH and the anodic solution was 0.01 M H3PO4. As for pH gradient, blank gel was sliced into 1 cm pieces, each piece was transferred to 1.4 mL of 1 M KCl solution, kept overnight at 4
• C, and then the pH was measured at 25
After isoelectric focusing, the second dimension (SDS-PAGE, SDS-Polyacrylamide Gel Electrophoresis) was carried out on 12% acrylamide gels (160 × 160 × 1.5 mm) according to Laemmli (1970) . Separation was performed at 10
• C using 10 mA constant current per gel for the first 30 minutes and then 25 mA per gel for the rest of the run. For determination of relative molecular weights (Mr), standard molecular weight markers (MW-SDS-70L) obtained from Sigma (St. Louis, MO) were prepared and used. For silver staining, the 2-D gels were fixed and silver stained using the procedure of Blum et al. (1987) .
Results and discussion
Based on chlorophyll accumulation bioassay, the most heat-tolerant cultivar and the most heat-susceptible cultivar were selected from each species/genome and the ranking of heat tolerance potencies of selected cultivars at seedling stage was listed in descending order as follows: T. aestivum cv. Gönen-98 (67.87%) > T. durum cv. Ege-88 (54.81%) > T. aestivum cv. Cumhuriyet-75 (39.94%) > T. durum cv. Ankara-98 (32.86%) (Yildiz & Terzi 2008) . The composition of the soluble protein fractions of selected bread (cv. Gönen-98, heattolerant; cv. Cumhuriyet-75, heat-susceptible) and durum (cv. Ege-88, heat-tolerant; cv. Ankara-98, heatsusceptible) wheat cultivars, grown under different temperature conditions was compared (Figs 1-2 • C, 1 h) resulted in a markedly increase and/or decrease in the amount of some proteins with a concomitant induction and disappearance of some proteins. Three gels that showed similar profiles for each treatment were evaluated and the proteins in high temperature-treated seedlings were compared to control seedlings of the same cultivar.
Some "normal" cellular proteins observed in control treatments were completely lost in high temperature treatments. One protein [spot No. 26 (22.9 (Figs 1, 2 , Table 1). We suggest that the decrease in the amount of protein spots No. 2, 3 and 27 may be of the same significance in tolerance mechanism. However, in heattolerant cv. Gönen-98, the increases in the amount of protein spot No. 28 may be involved in a defence mechanism in this cultivar against high temperature stress.
Small heat shock proteins (sHSPs) are not found in vegetative tissues which grow under optimum temperature treatment (Waters et al. 1996) . sHSPs dominate the protein synthesis profile of many plants during heat stress, and can rapidly accumulate to over 1.0% of total leaf protein under certain heat stress conditions (DeRocher et al. 1991; Hsieh et al. 1992) . In this study, the most striking changes in leaves of the seedlings exposed to high temperatures was that all of the newly synthesized heat shock proteins were sHSPs with low molecular weight (17.7-24.0 kDa) and in the pH region of 5.4-7.8 (Figs 1-2 , Table 1 ). The number of the sHSPs observed in heat-tolerant cultivars (Gönen-98 and Ege-88) was higher than in heat-susceptible cultivars (Cumhuriyet-75 and Ankara-98). The synthesis of many sHSPs was determined at both 37 
C→50
• C. However, the synthesis of 5 sHSPs [spots No. 6, 15, 19, 21, 23 (18.3, 19.3, 20 .1, 21.2, and 22.0 kDa; pI 6.3, 6.4, 6.2, 7.8 and 6.3)] in Cumhuriyet-75, Ege-88 and Ankara-98 cultivars was not determined at 37 tected at high temperature treatment (37
are fairly important in the acquiring of thermal tolerance. Some studies suggest that smaller proteins are more thermally stable (Thompson & Eisenberg 1999; Chakravarty & Varadarajan 2000) , probably in part from a reduced entropy gain of unfolding (Ganesh et al. 1999 ). In addition, variation among species and among artificially selected crop genotypes for sHSP ac- cumulation has been found to be positively correlated with photosynthetic or whole-plant thermal tolerance (Preczewski et al. 2000; Knight & Ackerly 2001) . However, O'Connell (1994) reported that there was no correlation between sHSP accumulation and thermal tolerance. We suggest that the correlation between thermal tolerance and sHSP expression may be positive due to the survival of the seedlings subjected to high temperature stress depending on acclimation. In our study, sHSPs showed genetic variability between different species/genomes and even between cultivars which have the same genome. Some sHSPs were specific to the cultivar while others were common between at least two cultivars. The amount of the sHSPs specific to heattolerant cultivar (Gönen-98) was bigger than that of other cultivars. Two sHSPs [spots No. 8, 11 (18.5 and 18 .9 kDa; pI 6.2 and 6.3)] were synthesized in all cultivars. On the other hand, the synthesis of 3 sHSPs [spots No. 10, 13, 14 (18.8, 19 .2 and 19.3 kDa; pI 6.9, 7.1 and 6.2)] was not detected in one single heat-susceptible cultivar (Ankara-98). In contrast to this, one sHSP [spot No. 25 (22.9 kDa; pI 6.0)] was not synthesized in the most heat-tolerant cultivar (Gönen-98). The sHSPs synthesized in higher plants constitute the most abundant and diverse group of proteins synthesized in response to heat stress. The evolutionary diversification of the sHSPs is unique to plants (Vierling 1991; Waters et al. 1996) . The duplication and diversification of sHSPs may contribute to a thermal protective mechanism in plants; sHSPs themselves must be able to function at high temperatures, requiring mechanisms for their own thermal stability (Knight & Ackerly 2003) . When heat-susceptibility plant genotypes (the ditelosomic wheat line, DT7DS, and Arabidopsis mutant, AtTS02) and their control plants were subjected to high temperature treatments, DT7DS and AtTS02 accumulated approximately 7% and 20% of the chlorophyll, respectively O'Mahony et al. 2000) . These authors also reported that two HSPs (31 and 32 kDa) and one HSP (27 kDa) were not determined in the DT7DS and AtTS02 in high temperature treatment. Same authors suggested that the synthesis of these HSPs correlated with the decrease in acquired thermal tolerance depending on the decrease in chlorophyll accumulation. In our study, it is suggested that the sHSPs synthesized at 37 • C (acclimation) before high temperature treatment may provide the thermal tolerance at different levels, therefore these levels of tolerance may cause the differences in chlorophyll accumulation. Also, acclimation at 40
• C before the heat shock provides the protection for chlorophyll accumulation (Burke 1998) .
2-D (IEF/PAGE) is still the preferred separation technique in many studies in a global, comparative analysis of proteins that are present in plants under heat stress. In a differential analysis set-up, this method provides powerful insights into the stress-responsiveness of genes (Zivy & de Vienne 2000; Süle et al. 2004) . Future studies will focus on the sHSPs, to further understand their functions in heat tolerance. Such proteins are thought to be potential markers for heat tolerance of wheat cultivars in breeding programs.
